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1. . INTRODUCTION ' .
-~y .. ‘ ', !

LI . .
-
. - . . .

. Much of a person's life is spent in solving problems. '_

Usually, we use a tool or a set of tools to ass1st us in

+ sqlving those probﬁems. For example, when faced w1th the
pfpblem of transporting. myself from where 1 am now"to a
ﬂbcatlon across town where, I would liké tq’ be, I mi ht
-use an automobile, as a ;ool If T am facea w1th’the B

'problem of femov;ng the contents“of a capped bottle, a

bottle-openédr would be an approprlate tool «dn some cases,-

I meed to use-‘a comb1nat10n of todks.” For examble‘ if I«
, had to remove the'contents' f-a capped bottle that was- in

a store across town;, 1 would usé. both the ahtomob1le and
the bottle opener.

T

For many problems that peoplé need to e, ‘the
tomputer:is an appropriate tool. ’But°the'computer is .
" just a tool; it will not solve a problem by itself. The
computer can a551st you 1n solving a problem only if you
know how to utilize it correctly This module introduces
techn1ques and ideas which you may apply when using the

computer to solve pnoblems ‘ ¢ 4

e,

° .

Although wefare pr1mar11v concerned with, the use of
computers ir the problem solvxng process, the. technlques,
are applicable to other iodes. of’ solv1ng problemss g >

.
. LF . -

- N "2, ALGORITH@§ - -
3 '—f—;-’—-——- .

The first task 1n solv1ng a problem is flndgng
appf%%rlate ways of fepresent1ng the solution process
The more, carefully this is done; the eﬁs1er the problem
. solving process " An algor1thm is a cqpmon way of repre-
sentlng the splut1on process, so we begin by def1n1ng

-this -term. .=~ — .- 3 - !

/Definitionwof an_Algorithm% _ - : ST

catled an algorzthm ;ﬁ it has -the follow1ng propertles

. 1. The ryles are unambiguous. o T /‘ L

“— 2. "The rulds are in a proper sequence. , . .

”*( ', + 3. The procedure spec1f1ed by the set of rules . : xz

# .+  solves the.problen. Se W
.. 4. The procedure termlnates aften r a finite number |

* of steps, or actions spec1f1ed by the rules, > /

We w111 "back into” an understand1ng of what an K

algorlthm is by first cons1der1ng what one isn't. v e 7

_Nonalgorithm 1. Directions for gett&ng to the hospital.

.pro?ably the givers as well, of nonalgori{hmic direétions

Vonalgordthn 2. Ditections for passing. afl exam.' /

-

An ordered set of rules £or solving a problem is - *

1. Go west on Tenth Street until you come to a
stoplight. - . )

Turn onto Rlver*venue at the stop11ght
3. "Make.a right at the Y on R1ver Avente.
) 4. The hospital will be on your right a few blocks™ "
. past the Y. - Lt “ . ‘

N .o -

Unfortunately, we have all been the recipients; and ‘
o - <

like these. 1 hope your illness“is not too acute*in this, ~
case because 1f it i$, you may térm1nate before the

algorlthm does. The prohlem with this nonalgorithm’is .
that ‘it v1olates condition 1 by Zeang ambiﬁuous In

ru]e 1, which stop light 1s meant7 In rule z, which “wa¥y
should I turn?- At the Y descr1bed in rule. 3 theTe is aJ *
right’ fork and a sharp right turn—posslble +Which should | W
I take? How many blocks are a few in step 47

" ;, GEf lots of sleepcthe night before the’ exam”“
Otutline the'materlal.
Read _the material. .
Listen- attentlvely 1n class. .- ’ ‘.

~

2
3.
4.
5

Take the exam1nat10n.




The only difficulty is
**- that unless you have an tnusually intelligent (lucky?) -~

Steps®are in proper sequence®

AY
o coin, this procedure may net solve “the problem at hand, -
- ...which is to pass the test. Hence condltlon 3 of the
definition is-violated. =~ . o : '

:]-:sr
effo

. . B

Ditections for/making a million dollars.

Nonalgorithm_d.

L 1., Get 10 miflion dimes. .’

.~ - .

o Bven 1f you obtaln the supply of d;mes needed in ) ’ -
. step,lzand the cranTl<1no power needed in step 3, this_, »
procedure is st111 a nonalgorlthm because it may never ' T
there is. no

termlnate. guarantee that‘you will ever . o

(obtaln the-desiTed result at step 3. Hente, condition 4
_in the definition is v1olated s : ’
Now we are ready ‘to conslder an example wh1ch does Y

qua11fy as an’ algorlthm under our def1n1t1on ‘

solve the problem using this algorithm.
if 15798433 and 566832 are used for N and M
‘would be executed 566783 times before the correct
answer of 49 1s found.

& El s . i . . vt fog
: e ' o t’ ) :.I( i ..-‘/ S0 : . o ‘
S e : ’ o, * S X ,
ST . ., : ‘ - . - . , Jz

; . . / . ‘ w.:“ L 'v . . . ’ . ) j_
el This-nonalgOrithm contains rules .that might be , : Alkorithm 1. F1nd the greatest common divisor of two ;
é’ - adequate toQ solve the problem, but they cannot bé . . E . :g1ven numbefs N and M. * o L y .
f;; carrled;qpt in" the speC1f1ed order. AThus the. rules are ' . . Let K be the smaller of N and M. ’ C ..
i; . not in‘proper. sequence, and cond1t1on Z of the algor{thm L , 2. If K d1v1des both N and M, then K ;s the )

_ {ef1?1t1°" is’ V1°lated . oo : o / greatest common divisor... N
X J‘ma'-'Nonalgorithm 3. _Directions for pass1ng a true- false test. . ‘ Otherwise,. subtract 1 from K.
? ! IEERARTY Bring' a coin to the testa . .. ' - Go to step 2. N o = ,
J". . 2. Flip the coin for each 1tem on the tnst * This algor1thm is unamb1guous, 1ts rules are in
;" R 9 If the coin lands heads respond with true, 1f ' proper sequence it solves the problem and it does*sp in
i - 'T“"the coin lands ta1ls, respond‘w1th false., S a finite number of steps.. It is also, very simple and - .
} B ’ There i$ no amblgulty in this’ nonalgorithm, and i . €asy to follok. However, if/may take a long time to oo

For example-
s%ep 2

A more efficient a1gor1thm

one that can solve the same problem with much less

rt’,

Algorithm 2.

if we'folfow—this.algorithm“for'N =
= 566832, we obtain the successive values ofs M'as follows:,

is known.and we shall present it next. .

Given two numbers, N and M, find their =

50 21 . - y greatest common @ivisor,' a
o 2., Fo:to Las Vegas . ' . t-
3. Play the dime slot J;chines until ejther you ‘ 1. If N is - smaller than M, then .exchange the two.:
. 'lb*' " have 20 million (or more) dlmes or unt11 _you . 7'7_ -~ DIVIde‘N by M and ca11 the remainder R.
L out of them. - ) a;*f 7 - If the remainder R is zero; then M is th GCD.
a1 $ou run out of dimes; go back to’ step 1. 4. Otherwise, set N to the valye of M and M to the
. i . y \ 7
v e 5. YIf ypu reach 20 lelld dimes, quit while you're . - - ,value'of_R . . . . .
S : ahead! AL e . ' * - ' B %:fif. 5. Go 7o step 2. 7, . .- .
“ . r“'.-\k ‘ " i ‘ ~ P -

L

’ M £ 566832
- M = 493969 .
“M = 72863 X L.
’ - <M =56791 .
M =.16072 - : " -
M = 8575 .
' h 17497 . o ¥

,' 4-
_/ oy

- )
that . -

15798433 ./ .



. L
¥ . - ’ a : .
R R ' ' M« 1078 . .
o - M= 1029 " - e
) ) . M=4g ,

'In this Gase we execute sxep 2° onﬂy nine t1mes,.a
51gn1f1cant 1mprovement over Algor1thm 1. . .

algor1thms. Algorxthmel is- sxmple, stra1ghtforward dnd
solves the problem in ‘an inefficient manner. AlgorIthm A
is much more, efficient but the cost is ad&1t1ona1 d1ff1-.
“culty in understand1ng 15\‘ Th1s tradeoff between” simplic-
1ty and efficienty of algor;thms frequently foraes the
algor1thm des;gner to "maké a dec1sxgn on the subJect of

prioritigs. . " . . .
‘. s -_"A TN N
e P 7 PR —
Exercises i 5 ‘ .
=t

1. *Modify nonalgor:‘[thm 2 to make it an af’gorithm

2. D%temune whether each of the following are algorlthms or non-

algorithms. For each nonalgorxthm,.fxnd, the rule or rules it

violatess and rewrite it as an algorlthm. ’ . : . .
, (a) How .to place a telephohe call. - I - [N
1. Pick up the recelver‘. ‘ ’ N .
. 2 "Listen for a dial tone.” T { - )
- 3. Dial the number o S Lot ,
R 4: CQEpUCt the’ conversatrpn. - ! .
(b) How to find a-word in_ a digctjonary or determxne thax it is
Do ’ not Iisted. ¥ . y IR ": T \
v - Turn to any page. Lo R

Lo If word at thg top. left of" the’ pqge occurs alphabe- ".0
BN txcallly ‘after the desired word, go to step‘4 R “

-_3 Turn aheadnlo -pages and go to steg 2, ‘ *
" 4. Tuth back 2 pages. ' )

. s. If-vword at the top right is before the"desired word * y

v 8

<, 80 to step 3. - -

6.: Scan page for desired word. - o S - . .
’ 7. If it is found, write a definitioni -

’ 4

.- 8. If it is' not found, write, "notin dictionary:."
i ) ' !

The phenomenon which we observe here occurs often 1n\

»
.

(c) How to fill a ditch with sand. -

- _ 1¢, Obtaip a shovel. C, \‘k \
S0 Start shoveling sand into thegditch. . -
o N 3., If you run out of sand go gét more an¢ go tosstep I.

"o «

. 4: When ditch 15 full, stop .

(d) How a doctor heaIs a patient ) N .
1.7 Learn: about\patxent's problem” .
) X ) 2 Considen; the symptops. ’ g ) .
- s, In1t1ate a treatmeht. .
4. Exanune and test pat1ent. -0 ’ . L~
* s 5. If patient is cured, then send the‘bill. . .
‘* . ! e -
«1‘ -t . i T

' " 3. FLOWCHART LANGUAGE ¥

7 " - $ - .
J <

- We next ask’how we should express algor1bhms.' In:
other words, is there a convenlent language [for commun1¢
cat1ng an algorithm from one.person to an0thev or from

,
a -persord to a computer? . ' . .‘

' The language we have used above 1% commun1cat1ng'

Algorithms 1 and 2 is English, *.which 15 very appropriate
because it is understood by a reasonably large subset of
the people w1th whom we communicate.- Eng11sh has two

d1sadvantages, hoyever., First, it is amb1vuous as far as
meaning is cOncerned «.and therefore, even 4 care u11y -
worded algorlthm can suffer‘from the amb1gu1ty of the
language ,Second,”Eng11sh is.hot an appropr1ate language
for commun1cat1ng wi computers, since it is too cump11-
cated for them to underStand T . .

It would appear, then that a computer programm1ng
language may be an answer to “our dtlemma Programming
languages are, of necess1ty, unamblguous, aid_are
undersxandable to the computer. And indeed one of our
goals is to express algorithms in this form so that the
computfr cah§solve the problem.. But people have d1ffL-

.

“culty expressing algor1thms d1rect1y in programm1ng.

l S : e ! - ".6°.

..Q - '- ’ . . -I.l‘ ' s




1anguages. For th1s reason‘we develop an intermediate
. language between Englzsh and the 'programming language,
which we call Plowehart Qaﬁyuage. - "

‘ -3 .

. ,ﬂJ Thé‘eipression éf//u algorlthm in Flowchart
Language .consists of the rules of the algorlthm’wr1tten
LN
in abbreV1ated English and p1ctured graphically in >

o "boxes." These boxes are connetted by arrows wh1ch S
. ‘ N ) / ~
indicate the sequencing of #he steps, We will use this
+ Flowchart Language to exp}ess all of our algorithms.

.. Thereare five different kinds of boxes that are
*Fsed in representing algorithms. ; .
N . ‘ ) -
1. Terminal box - -

Terminal boxes are used to identify the starting
p01nt and stopping- point of an algorithm. They, will .
alwaxs c%ntaln either the word ‘START or the word STOP.

*

2. Processlng:box I i S

.
-
‘e N
-
.

" the actlon that is to.be taken. ' .

The work of th@ algorlthm }s spec1f1ed in pgpce551ng
baxés, It conta1ns an- Engllsh statement wh1ch descrlbes'

i
"o, )

. ’J"
) ;
L
- 4 / ‘

. Each input box contains the names of variables
‘whose values are to be obtained from a known source._
For example ; thetbox e ; ..

s - - °
: - H \ >

, Tepresents the obtaining of two values, the first called
N and the second M.’

° \

4 Output box L . ‘ -

-
R

. . -

i,
Like an ‘input box, each output box contains the

names of var1aP1e§. The values of these Var1ab1es are
to be displayed in somg form. :7For example, “the box >

L ~

&

indicates that the current ‘value of X is/to be displayed.

0y




. N . - -
P N . . e .
. ~ . N .

y ¢< that are used in an-algorithin to represent :
. numerical values and who.se values mdy change during the
- . execution of the a1gor1thm are called varniables. Three ®
. - 'variables,:N, M, and K, are used in, Algorlthm 1. It is-
. . easier to understand what an algorithm does if there.is

£ theWeanings of the variables included

e algorithi. " For example, for Algorithm 1,. our-

3 L
some, explamatio

L Each. decision box contains a estion which.can b T ]
Tu -2 . var1ab1e descrlptmns would be as f011ows: o /
. -, answered yes or no. If the answer is. "yes " the "yes" . Coe
" path is-taken fmmmme answer is "no,," th& ) - .- - M. oL ‘

L 17 'pat'h is taken: . - < Name . Descriptions ST, .
: - : \ A 1 i1 th 1 in F1 h L Co M © N,M The two g1ven numbers ’
» S an exam e orithm n c t . o

' P 8 owchar anguage 1As . N ’ K . A counter—used in seare;hlng for the
shown: below. . . : N . A

{ . , greatest common divisor. It will
* N ,contain the greatest common divisor. -

. . . - when the algorithm terminates.
. . e

g Setting a variable to the value of another variable  °
or to the result of some arithmetic expression is such a

- common algorq.thm step that a spec1a1 symbol, the.left

. pointing arrow, is used to'reprefent it: For example,

L ~ ]Set K to.the smaller : - . A+B E ’ , : N

. : gf N and M, s ‘ ‘ : . o -
. means "set A to the Value of B." This notation can

41so be used to represent the incrementing or decr‘émentlng

' of variables, The step "add 1 to X" is given by . \\

L4 . - »

. J(<-X+1 Y - ‘ -

. .

: X Usmg thls new symbol and the varlable descrlptlons .

“ Does -
‘K drVnie both
N and M?

we can now restate Algorlthm 1.

Algorlthm 1 - Second V‘ers1on. Given two- numbers,"

f1nd thelr gregtest common divisor.

‘ Variables * e T
- . —_— .
s Name Description *
. " N,M’ The two, given numbers v
- - xk .~ A d h for th
- - W " s . . : - T . counter used to searg or t e reatest
Subtract 1 . . : . ‘g
- e . common d1v1'sor. It will contain the
fromK - : ot 2N
‘ - -greatest dommon d1v1sor when the .
9 ' . algorithm terminates. 15 _‘ ' 10, » -




Eﬁérc1ses R
Zaerelses - . o

) S.igwr1te algorithm 2 in the Flowchﬁrt Language.
4. TFollow the algorithm described in the fbllowzng flowchart
and give°the resultzng dutput when the input value is §.

Vanables ¢ o * -
Name . Desc:;ptxons
. * ~
- N © The number: input. ©. p

.A counter

* , The sum of the fiést‘N'ihtege;s.

sum+sum+I
T JeI+l

. : .4,

PROBLEM SOLVING STEPS
Now that we have thé
- flowchart langyage, available, we- are ready to,learn howy
It would be’
sxmple if we .could put the statement of a problem into a
Un-
_£ortunate1y, no such machine has ever begn dxscgvered
Problem solving.is accomplxshed only through careful work:

concept'of an algorithm and fhe
to use: these tools ‘in solvlng problems.

machine and get out an algorlthm'for solving it.

before the algorithm
analy51s must occur;

n"\'"&;("
17
. » '

after "the algorl}hm is constructe@,
«u§~ 1 2

A

]

is constructed detailed planning amfd,
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N eXtensive testing must take place to verif} that it ’ S 5. Implement the algorithm for the solut1on. .
Py <L , . . s
LE doés indeed solve the problem. - . . In computer probrem sdlving, this step is kpown as N
B T A ) “In th1s sectlon we outline a’ step by step proCedure . prografming. « If step 4 is done carefully, it ‘tan be

- that is useful in the gonstruction of a1gpr1thms wh1ch carried out in 4 stra1ghtforward way once the bas1cs wof
. csolve problems You m1ght call thls an a1gor1thm for - a programmlng language are mastered, . .

B f

D ’ -construct1ngAa1gor1thms. This process consists of L ) 6. Test the procedure constructed in st;} 4. L T
! ' seven steps which are descr1bed below,,k. . . ’ o L coe . . ‘
- ¥ ) . X - g - Once the implementation is complete, We test the -
: ,{i' Prec1se1y de€1ne the problem ‘e . ’ procedure using inputs for which the correct oﬁtputs are
. At thus step, the problem solver d ermjnes what . known, .and compare the results with our, expectations. i B
) e !
. . the prleem is: This step, in pract1ce; 15 ‘usually ] T If-they d1ffer, then the ex;stence of an erreor has been .
v :gh‘ qu1te dﬁ£f1cule ‘«In many courses we are: ot concerned . dlscovered “Phere #s a temptat1on to assume the algorithm .
- : uhth thlS stép since. the proplems are pr 1se1y formu- ’ -i 1S»C0rfect and rush through this. step. As yol gain-mbdre,
> v lated hy the textbook\author or the inst ctor. An i exper1enCe with: computer problem solv1ng, you w111 learn
u1mportant part of this step is. determinin exactly what T (probably the hard way) that you’ shou1d nevetr assume any-
3 P i form the output of the problem should havd. Loy thing i3 correct. That kind of skeptical attitude makes o
?P ‘j - 2. IdentlfY the! 1nputs to the Problem. Yo T forthe ‘best, testlng . S -
= ek At th1s step,you ask "What are the pert1nent facts - = -~ 7. Locate and correct errors uncovered by test1ng and go .
é« j . ® thatvare glvén 1n~th1s problem’" The answer will depend L. back to stép 6. L., . *
@”‘3 .  on’ “what LS available and what is needed One imporfant N . . Errors may or1g1nate at step 4 or step 5. Usually
: aspect of thls‘task is determ1n1ng the .appropriate form !, ’ those’wh1ch originate at step 5 are fairly easy to .detect
for the ‘input. > w7 . .2 - i and correct because they requ1re some minor modification

Lo oo ¥

§ ' to the program Errors which' origniate at'step 4 aTre -

- 3 Ident1fy the outputs of 'the proble
. T much moge difficult. Such’ errors may requite you to

. Here you determ1ne the. results that are desired. By - completely rethink your a1gor1thm and, in some cases, o

- cons1der1ng the result of step 1 " you shodld be able to : ‘ ¥ discard all you-have done and start over. Again, a careful
determ1ne what is needed and in what form. ) ey .. JOb(?t step 4 can avoid th1sﬂwaste. ]
4, Consdruct an algorithm for the’ solution. ) ST . : . . "
f‘ *“This is the key step in the protess,and ong which . l §¢4A§—§£AME£§ o . ',?"a
can cause the most ‘trouble. Too many'problem-solvers - o } . J > :A
. try to skip’ this _step or combiele it with the next in®an - - Let's f°11°w this process thiough for a s1mp1e : <4
effort to 6btain a solution quickly. This is a s1tuat1on ;' problem © The problem 1s.to read a set of numbers and
‘ where haste Teally does make waste: t1me51nvested in N determ1ne how many are pos1t1ve and how many are negat1ve. A
careful formulat1on here can save much more timeé at steps i -1, Preclse formulatlon - The probﬁem as stated above
6 and 7 o . ! ! ) I ‘: . leaVes out some necessary 1nformat10n. F1rst what are
;p; o . ‘:’ o . - ’ '_ ) . 15 ' 7 wd to do with zeros? Should they ‘count as positive,
PR AR D . LRI o L .14

oy,

- 5 ~ N, e - -
Ky s s e, A - .
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negative, or not at all? Secondly,-how-will we . e 4
* - N 7 -
5 know wher we have all of the numbers? ° ) ' AR
3 i We can solve’ both of these problems at once by . 0 .
; saying a zero wrll not be counted as positive or ‘negative ; o .
2 but rather a zero will signifg the end.of the data. °~ [ ° ¢ : -
ey Therefore,.our more precise gormulatlon of the problem ‘ K4 v
' ,now reads as follows: - . - . .
5 to - v » '_ .
‘ .+ 'Reall a set-of numbers until'a’ zero’is ercoun- . o
. tered and ‘count’ thé number of positive,and’ ) , ’ .. -
. - N . A
. negative numbers read. . ~ - - .
' ) o ° E, S
2. Inputs - The inpnts will be the glven set of numbers .
. .all non- zero, followed by a zero. Note that any input . .
g not ending wztn a zero is invalid for this problem. o ¢
- 3..0utput - The’outpuf of our problem consists -of two g ., .
© 7 numbers, the number. of _positive values and the . . o
. s+ number of negatlve values. ?‘ . L Coe . "
4, COHStTUCthH of an algorithm-- OQur iIowchart language . .
.. s 4 hseful tool here and we can nicely f&rmulate our = ¢ Lo
- . . ° ¢ *
PN pj sdlutlon as follows: | S . “ - oo .
i 2z . N ) .
;L Algor1tbm 2T Count the number of p051t1ve an&i&ggetive e
?~ . valués in.a data/set Ver51on 1 w1 CEe e Lt

Aigorithm 3.
by AP Y

: VAL
NNEG
¢ NPOS

VRIS S
A)‘S u,"-z?g'vm-ﬁ,ez Fuadbl

.- [ values until
a zero is
read

e . . .

‘

-
Count the number of .

negative 4and-the number E .

of p051t1ye valuesg .

a [

" Therefore, we' reflne it. Cos

Count the number of posi
va}ues'in‘a data set - Version II.

final counts
of negative and
positive values.

f

[ , .

Description ., .

The. values input. : :
The number of negatlve values.
The number of p051t1ve values.

: - g

ﬁﬁ. - .
tive and negative
t

.solution algorlthm, though certainly correct, provides
09 11tt1e detail to be of suff1c1ent use in 1mp1ementa-
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NNEG,NPOS

*STOP

This’ algorithm appears to be correct. ‘Bu:'as we

warped earlier, never assume anything is correct. >

5. Implementation - Algor1thms such as this one are
implemented translating them into a computer programm-
ing language such as FORTRAN or BASIC. Since this

module is intended to be 1ndependen£ o£'programming ‘ .

languages, we w111 not d1scuss th1s step in algorrthm
development. If you are interested in’ pursuing th1s -
further, you ma? do so by 1earn1ng to program in any :
programming langpage S - .

6, Testing - The above algorithm wasyimplemented in a
programming language and “run with {the follow1ng results.
. Imput:  12,-5,15,-2,7,0 ~ ?
Output: NNEG=1762699507
NP0S=2001731581" .

Obviously; there is some difficulty here. .The
strategy used to check for the presence of an error

© wWas to use an input for which we know what the output
'ghould.be. ,When the output obtaified -differed from
our expectations, we' knew there was an érror, and

therefore;we‘mgst proceed directly to step 7.

-Had we been successful in generating the ex-

pected output for this part1cu1ar input, we should- run .
add1t10na1 tests until we ‘have satisfied ourﬁplves

' that the- procedure is correct. .

i .o~

. : . —

. 7. Locate,and correct errpts - This phase of the problem
solving process is a difficult One wh1ch is learned .
only through experiences In this’ case, we not1ce

that values of NNEG and NPOS are quite wild and’ after
a'little thought we suspect that the$e two variables”
Were*not given 'proper initial values, which in this
-case should be zéros. In many programm1ng languages,
variables like- NNEG and§ﬁ$08 are not automat1ca11} set
.to zero. In order to insure the correctness of our )

i

oy

) . -: . 4 i
g . . r23
' “ ‘ -7 y
“

. ase
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After our algorithm .i$ modified-to include these
1n1tlallzat10ns to zero,

.- Algorithm 4. Count the number of .positive and negatlve

program we need to ddclude'steps to do Fhis.

>

it takes the fgllowing form.

~ . ‘ M ‘ .-

™ ' 5 . .
.+ After making the correction which -results in e \
Algorithm 4, we musi return again to step 6 for testing. N

‘Extensive testlng of the implemented Ver51on of this

algorithm will reveal no further errors. When we have

. tested enough to satisfy ourselves .with the correctness . |
. values in a data jset - Version 3. of the algorithnm, ¥e accept it as providing the solution. =~
- . . . .- o~
LT o Name Varlables Description - We have now putlined a basic, procedure for solving B
i VAL, The values input. -t a problem. This procedure can be put \m the form.of a . ‘
: " NNEG The number of negative ‘values. flowchart as well. S . . . ’
' l NPOS The number of pasitive values. ' — . »W
. ) ' . . s .
4 , . 6 -
e . * [N e . , ' : (:
. . : . . e
- * . ) Y L - . A [, . _-.
. I B . i
- ’. . ! . . . « -
. NNEG+0 o ’ . : _ : T
. . *  NPQS<0 . . A \ ) N . ) . .
) }::'-',f B o - .. h )
) ~ . . :’ I AN .,
- .

NNEG ,NPOS|

NPOS+NPOS+1 |

wrs
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¢ N 7 : 7 . :
¢ ’ Formulate the problem !
= ‘precisely s -
fdentify the inputs B} ¢ |
Identify the/putpu;s ST A C R
. . , .
’ &/ . T, 4 «
- ;' . . B N . * [
"] Construct. £n algérithm .-
z —= e -
Sl . _
/ Y ) [ ‘ ”
Implepfent the algorithm|. . ]
fi:‘; v = - .
s " ) “ .
B i, . ¥ -
e - wao by T P

o {R Lk
'ﬁ&gz

Does

.. ‘Are you het TR

satlsfled -that the
algorlthm is
correct’ P

. ~ e —~ 1
i N ' T
‘ s '
’ . - . 2!
¢ * ,0 3
’ e M
.
- — ;
Exercises . ) - ‘ .
", - [ * ‘

Follow thr0ugh the first four of ‘the seven problém solving steps
with the fpllowxng problems:-

5. Put three numbers into non-descending order.

6. Calculate the hean of a set of numbers. ' ' .

«

7. Input an 1nteger and compute ‘the sum of all 1ntegers from
one 'to the 1nteger input. . e

« L}

8. Input an amoint A, and an 1nterest rate I

resulting if-A-dollars are invested for 3 g1ven time perxod“
with 1nterest rate I percent per time period.

. »

. Inpyt A and I as in'4, and N; the ‘nubber of time periods. -

Compute the pr1nc1pa1 resulting if A dollans are invested fhr
N a1me periodstxth 1nterest rate I percent per time per1od

[ -t

Compute the ‘pnt1pal

.
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. - | :
! « ' 1 . = ' /‘ ‘
o -~ < e
* .
. ' ‘.
, ., .
. * - *
" L4 - - .
o .
:’ ' .
4 N v T .
v .’a . - (‘
. . . .
- - [PEAY . i | oH
. <, L %‘\‘
. . . - -~ . d
b v, , .
- . N ! -
1o, _ . .
A “ T 22, -




Tre T T oTE e - - * " ~ . S : K
SN S : > L
o . » . o . \ | . .
\ : ro . :
. 6. ANSWERS TO -EXERGISES - =~ - 3 | v ‘ . T '
f One possible solution might be: - ' . B “‘ ’ . .
i . . Y. °Read the material. - . ’ ‘ k . - T .
[ . . . . M ‘ - | ¢ .
T 2. Llisten-attentively in class. ‘ S e .
\« . 3. Outline the material. - . .7 ) -- A - '
. oo ' ] . es
; . -4. Gets lots of sleep the night bt.ﬁpre..\ ' - | y Exchange N
g 5. Take .the examination. o . N and M i
7 . . : ¥ '
;: 2. (a) Nonalgoritlm because it may fail to solve the problem. Lot \ B
3\;«, ) i . . - . ot ‘ . . . .' ) .
g - For example, what_ happens if the line is busy? . { , /\‘\L Bivide N by M, ‘ ‘ .
f - (b) Nonalgorithm because it may not solve the problep. If "*i|call the remainer R .
£k . * the search ~begins on an even (odd) page,.then only even | - l . ,
: (0dd) pages will be scanned. If step 4 had read, ‘ . .
back 1 page,“ the procedure would have been an algon’t‘hm yes
(c) Nonalgont.hm becatse \ﬁt is amb1guous Step -3 does not < s, : ‘. .-
Tt prlam "how_to get more sand. . . o )
(d). Nopalgorit_hm becaus'%gps are out of order. If steps , . B .
.. were changed to 1,4,2;3}5 then it would be better. ‘Also, * b Set N to M . - Ut . ] *
.o e . cestha s - I : . . ] Set M to R . . ‘ ’ .
. no action is specified:if patient is not é‘ured so the - . N ‘ .
'proc'eduse my? téminate. One could add,the step: . . I~ > ) ) ) .
" 6. If patiwnt d1es then stop treatment, ] ' u' - o * ' :
L e X ' <t o . P - ’ & : ) e .
’ - . ’ : 4. This will-print . . .
e . . . - . . 2
, I -+ Ns5 _ o "
e . sum=15 L o '
- . - . - N . . -~
’ v 5. Precdise formulation: -~Put three real numbers into®non-descending .
b order. o ‘e U . ‘ .t .
ot Input' The three numbers in original® order.\ L.
) ' ! Output. ‘The three numbers ‘in non-descendmg order.” N ! - :
. ' . Algorithii: Variables - ) <
. s < W T - S e . .
CoWE T -» Name Deseription . ! -
T Tt TTTTTTE TR OAUB,C v tThe three e variables read and placed 1n-ordei-‘h C . T
) - & . w1t'h A the smallest and C the largest. : ’ —— :
T 2 oo . . S
| - e 29 \ “‘ 24 i
. B i ' . | e [ Y
’5"&‘& >.¢..“u:ff3'»‘u %w-»&,w;,:::fnu“%dnw, 2 e ks . - T e L T 2 ‘ ‘ H
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6 Prec1se fomulanbn! Read'a value N, followed by N real
- ‘&numbers and calculate the ‘mean of the N rea“l numbdrs,
1 " Inpur.. N and N. Teal values ' e i

‘ (Output - The medn of the N ‘real

1 o - . .
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%A

M.
2
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b
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Algorithm:

o
v

%

oLkt sy i

sum
value

mean

* Variables
. Des'crigtion .
» The number of values read. .
The counte.r from 1 to N.
- The sunf of the values read.
The values whose mean is computed.

“The mean. s

' - .
. . .
. 4 = . .
- - \J .
“ . .
, Vvalue - -
, A . ,
-
. [sum sum+valuey .l . R Y
- . - R o . . -
mean+sum/N -
oy -

A . ~ e
1"' % M -
& .
£ & - :
&
R .
“ ' N
. . ’
. .
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L 7. Precise fomulatlon Input a posxtxve mteger and compute 8. Precise formulation: Given a principal amount A in dollars
S . the sim of 311, positive mtegers less than or equal to thes ) . and an interest rate I in percent per time period, compute the ko
* . integer input. <’ . M - .- principzl at the end of one time period. - ’ N
. Input: A positive integer. - , - Input: Principal amount A and interest rate 4.
.. Output: The sum of a11 posrnve zntegers less than of equal ’ . Output: Principal after one time period. -
: - to the 1nteger input. .- L Algorithm: _Variables ’ . '
B0 Algorithm: Variables . - Name Description
£ . —_— * ) ‘., A £ - % ] .
= C ' - e amount o inning principal.
L >~ Name Description * . Th - i &P pa
- 1 The interest tate in percent. :
& . N JThe number of 1ntegersi5mmed- : - . P P n .
: ‘prin - The amount of principal at d of .
- 1. . A counter from 1 to ¥ . P . ; P P the end o A :
« . the time period. ' -
sum | ‘The. sum of the mtegers - . . L h. *Z.f- . ' ’
¥ . . . - . . . e N ’ &% S . ‘
e - . . . - .
.o - . M * »
: - W . , N .
5, ) - - 2 :
& - ' . . i
$ - " ' ) . - -
# < il : . v ;
H ’ 3 | |
; & = . L < - . |
5 . ’ I«1 Do ’ ‘
p “ ~ sumef |° . . .
% - . ¥ ’ > C
S . T X A . LI
¢ . T . ~ ! . .
2 - P - ) ’ -
* . . 3, : P . . . .
5 sumesum+I:% s T - .
7 . ' 23 - . v . .
2 L . o N . .. R - e
E ) . - ) P oL v i - oo T °@ s
P A | . - - » .
H . -
I - . N . .
Ielsgsn) ] . - g
. LE B AR
[ o
Prec;.se formulatxon G1ven a principal amount’ A in dollars, an i
p -
. interest rate I in percent per tme-penod and* a number of time - | .
. periods N, compute’ the pr1nc1pa1 at the end Of N-time periods.
. . JInput 3 Principal amount A interest rate. I and number of time Co. }
. eriods N. . ’ . . N )
'ﬁ“ p - F T ’ .
Output: -Prmcxpal -after N tme periods . .
v. - R .
. ry N T . . »
e e v e w et - e i -4 - - -
’ .‘ * %
- ‘ . . . ;
- . . N . ;
i’ ; ) C, : 28
N i [ ‘ o . .
/. 23, .
. u EoA v
" « . « 2 ! . - o
o4 . N .
< g v + + * . -
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‘DQ§eIM19e which of the follow1ng.are‘a1gor1thm

L

1
2

T3,
4
3

.

Z.

“Interview for the jobs you want.

Find out 1;5 prige.
- Ask your,father for the money .,

Buy the - car._"

Determrne wh1ch job§ are open.

Decide which jobs you would like.

Get the necessary training.

Write a resume. ’

S and which are.

.Wﬁat output will the following aléorithm generate?

e At s
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3. Des1gn‘ an algonthm for’ :;,olvmg the followmg problem Convert a ) i *
: . length from 1nches to feet and inches. L« . (c) - - . o
‘; < (@), pefine the problem moré precisely. 4 7 ’ . . !
i: * (b) The fo_llowi‘nggare the.boxes needed ffor an algorithm to ) =
23 ) ksolve this problem. Fill in tfie two empty boxes. .
e . RN * .
:“: : . S i ;&, = N
S feet«0 ' i"nches«inches-lzé‘, : ! ' ]
5o
- I
; ' e
5§f§ ’ I feet«feet+] L
o - A
S START - } . yes . / :
%?I: 3 . & ry . L '
& . v ) | { - - - )
Yy, < ’ f , feetefeet+l
f L (c) Arrange the boxes above into a flowchart lrnguage algorlthm . ]
WYy . I
HARAE to solve the stated problem. Use each box exactly once. § )
i1 . . i I ) inches«inches-12 :
| T T ' =
- 8. “SOLUTIONS TO MODEL EXAM J ’ (
S g ) - e
('a)%Al‘gorithm . . - . " ‘. i o = 3 =
*(b)- 'I'hzs*does not solve ‘the problen. In step. 3, you do not . o - ‘ %
- recelve the _money: by askmg‘ . / o w:— A i ' -
(c) The steps are. out of sequence, ! i * - : s "
. . \ g . ‘
\4 ) ~ . . ‘i' . >, “:
3 ] ¢ o . * .
2. ., ; . . * ‘. ’ - l .. ,
4~ ’ . l ' ;
5. A o S . A 7
.o, - . . . . - c*&-‘ - -
. 3. (a). The problem cou]d more prec1se11y say: t i - R “'”f > - =
1 1 wp > S . " ¢ ~
_»+" . - Convert a length from inches’ ti feet andgmches where ! . o S -
ek the number of feet .is integer and”as’ “large’ as possxble. ' ’ ’ ‘ ‘ )
i (b) Input box- should contaif "“inches". S ' v :
) - Outpyt box should dontain "feet, inches". ' R ‘ . -~
:: . E ‘ - . . o ) R P \ . o .
. S t'{ ’,.“. . ! At . . .
s - ——— x
’ ‘ 37 32 :
‘ & A
, 1 .
% -
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- . \ T wx STUDENT FORM 1 . ) EDC/UMAP
. . . ‘ 3 . - 55 Chapel St,
: " T Request for Help ) ) Newton, MA 02160
. Student: - If you have trouble with a specific part of this unit, please fill o
) - out this form and take it to your instructor for assistance. The information
= you give will help the author\ to revise the unit, - L. s
/ .Your Name ; - L ' Unit No.
Pag - D -' .
e’ . N
& i _— . i Model Exam
! Section -
‘ U . —‘/"’ R .
L7 O pper OR - - : OR . Problem No. — '
. OMiddle ___Paragraph R " Text ’
! - 1 e N
e S ~_~O ]';oy.er’*’_ A PO G 2 - Prgblem No.
Description of Difficulty: (Please bé"specific) R ‘
- B - . ) ‘- B : .
\ ' . ) . . ‘ \ I - ~
. < ~ s ‘ ' .\‘ f
- N . LY ‘ ) *
y . ‘ £ o J \ . . ) e © .
; . & . R : .
N , 5 ig .\' ’ - t. : "' 3 ~ /
TTT—— e T - et v
. Instructor:~="Please: indicate your resolution of the ziifficulty in this box. .
'y O Corrected errors\in materials. List c.otreétions'cher%e: ;
‘-,‘ , . ’ , ‘ o . ) .
1 ; - ‘o4 - ' IR
é‘;, ) . ] _ ¢ \ % . -o ¢ . s :
fy‘ et “x 4 ' T . - .
; v Gave student bettef explanation, example, or procedure than im unit. S R
; ‘ ‘ Give brief outlihe of your addition here: . -
i‘:.}-r_ P . . “ . . . B .
iv e e Tt s T _
5 . 9 - .. . : I . \_x ' \ ] < ‘ R I
f:':: ’ ’ N i ﬁéﬁi ’ ) ¢ \‘Q! . ’
L N . . ,%;:?ﬁ‘ ' . » , 4 9 ° I
o~ T ‘ ' v,
3 4 - “
Assisted student in acquiring general learning and problem-solving ‘ .
skills (not using examples from this unit.) /* - ’ ) -
ooy ‘ . o B /
. ‘ o .‘ - . ) ,» .y '] . )
: ’ » " ) "..l .“ : L 4 ' : 38 l ’
. Instructor's Signature’ - R
|+ Please use reverse if nécessary. - .
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N . STUDENT FORM 2

3 - . @ 5%.Chapel St.
27 A »4»--——~—-—-}Snit—Questionnaire i ) Newton, MA 02160

~Name__ ' - ** Unit No. - pate . -
BInstitution . ! " Bourse No. o, ' . T e

14

» Check the choice for each question that comes closest to your: personal opinion. -

1. How useful was the amcunt 6f detail’ in the’ unit? . . N

¢

: a2
. VO T— éﬁ“ Not enough'detail to understand the unit . . ‘ R
5 Unit would have been clearer with more detail \ - )
f:“‘.t Appropriate amount of detail - ' EEE e,
- ',’ . Unit was occasionally too detailed ‘but th:ts was' not distracting L
_ R 'l‘oo much, deta/il),l was often distracted Lo ) A
v e “-" ‘ . ' A . .

g ) 240 How helpful were the prob‘lem answers? - - ' S St e

., ’ Samp'le solutions were too brief I could ngt do the infermedia!te st.eps

__—l—

-t . Sufficient information was given to solve- the prob:Lemstt . ., ;

' % mremamiendl =

Sample solutions were too. ﬂetailed T cfidn" t Ted them

¢

’ . 3. Except for fulfilling the* prerequisites, how much did you use other sources (for
examplej_instructor friends,. or other books) in order to underst‘and the unit?

= A Lot ’ Somewhat : R Little ' . e Not %t all

J
4 -

C 4, How long was this unit in comparisort to the amount of t;ime you generaJ,ly spend on
.*- a lesson (lecture and homework assignment) in a typical math or science course?

Much . . .Somewhat’ About ’ Somewhat v N | Much ‘,.

o S Longer L Longer. t$ Sate .’ Shortrer ‘' Shorter

"o -7 5. Were anLof the followinwg_parts of the un;Lt confusing on distracting_? (Check ":,

" I o ' " as many as apply ') i ' . o . ,
T & a N M T -
2R Prerequisites " ~° ' o

_ ) Statement of} skills afid . concepts (objectives) T, > TR .
- - . Paragraphha?ings o . G s o b T L

| Ay~

.

'!

#3
- + . " Example - . - . L e T .
o Spekial Assistance Supplement (if present) v L te
'“,‘: . Other, please explain ; ;_::' \w - : 'L—L - —
6. Were any of the followiﬁngﬁarts of the unif particularly helpful? (Gheck ad many ’
) - as apply.) . K -+ Ry '
S ’ Prerequisites E | R S
MR . __ Statement of skills and concepts (objectives) R
l‘,- S Examples : R S
Sl . - Problems T . - . . g s ) .
R Patagraph headings . ' . c e e : : Yy
. ' Table of Contents * ... . .t : \¢ o f ' I
Special Assistance Supplement &(if 'pre_s_entl T
.- Other,lplease ‘explain - SR — M SRR

Please describe anyt;hing in the unit tl]nat yiti/ did not p{articularly like. U .““a\-*.

¢ , g . ' . 4 ) NE N LN . . s .
7 HEEE £, . 4 . . A . . ’ . . .o .
‘(' , o = j % -‘ v b .. \'1 ’ L. ‘ i

Please describe anything that you found parti&nlarly helpful. (Please use the back of
“this’ sheetf if you need more spaces) -
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_;., .. . 1. INTRODUCTION ,;3 . » Borrowed principal, a yearly interest .rate, and a month-

- B . .. .,7°:\ - ) , " 1y payment, determine the new principal after one month-
. : Qne of the naJor advantages in ds1ng a computer for' ’ ly payment has bgen_ -made and determine ‘the interest for
. problem solV1ng is that a process can be explained to-the one month. - - ) ! .

. computer once and the computer can repeat that proces#’_\
as many times as is necessary o solve the problem In_
+, fact, without this computers would be of limited use -
. GEe-as problem solv1ng machines because it generally takes *
. longer to eXplaln a process to the computer than to

The input for this algorithm consists of the
principal at the beginning of the month, the yearly
‘interest rate expressed as a decimal, "and the amount of

" the payment. The output will consist of all values input

-

. plus ‘the part of the payment which will be used.to pay -
; v .. carry it out by hand Repeated execltion of a single ; interest, the part of the payment which will be used to .
% L set of instructions on a computer is often called. ' pay. off the principal, and the new principal Palance at
i zteratzon The term "iteration” also refers to any single R theﬂqngaof the month. . ’
fl' | ex@cutlon.of a process that is carried out more than once; Adgorithm 1. Mortgage payment . Version 1.
- .~ o ~.the sensg in wh1ch the term is used should be clear:from e — a ' -
% A ", the éon;ext. \ . o . . Variables - ) ) : .
g ’ ) ) Name ;- * Description .“+ * , :
G The module describds ways #n.which you can use com- T A “
%" puter iteration effectively in problem 'solving and, in prin . °  The principal balance at the -
W addition, ways in which you can use two other forms of - A ' ~ beginning of the month. ‘
é;': - “itetation in cohéiruct1néhthe algorithm. The second form * o . rate- o The yearly rate.5f interest :
A of -iteration involves repeated, trac1ng through of the . . -expressed as a decimal. -t ;
A,‘ problem soIV1ng'steps improving your algorithm with each: - oL © pay ’ The amount of the payment. .
. ™ jteration. We call thus ‘process ztenative improvement in ) interest . . The part of the*.payment which
‘"”\’A‘ algor1thm .design. Eachv1mprovenent o£ the algorithm m1ght ’ . . - goes toward interest. 1

- add “features to the previous version. T prinpay The part of.the payment Wthh )
. . "' ® goes toward the pr1nc1pal .
The thlri form of 1terat1on in problem solv1ng is - ) . :
- .+ - new The new principal balance at the
.« found in an approach to algorrthm design «called. the o e ~ . . end of the month. -
= top~-doun approach. Thrs approach for carring out step 4 * - -’ W e '

of the problem solv1ng process (see Un1t 477) m1ght best ‘ : : ' . i * .

. L”zteratzve refinement. It dlffers from' 1terat1ve ) o © o - % -
. S o e ] ‘ N N . . -
- 1mprovement in that the algorithm is not changed at each - ) ! . N )

R -1terat1on but rather, more detall is proV1ded T : _ . Co

'l

. <2, A MORTGAGF PROBLEM : )

’ v
.
* . “ et 4 S

2 - L - ' .

’
- . . . -~ . . .
R L, , . . . 45
L In Qrder to illustrate the iteration techn1que, we . ) )

e shall 501Ve'the follom;ng problem: given, an amount of s

_“ff'.’f o 44

£
»
~
)
.




’{i"\:‘:‘\/’%c’:ff: e 3:«. Ry 2,;:?;,..‘. B D . L . N .. . - . . 3

~‘: ' - * f ) . . ’ o

" ¥ “ . . ' M N

° . . R vt e
¥ ~ P ) b . . - ' * )
s:;x: . ~ "+ 2, Follow the steps in the ‘flowchart language algonthm ben’ow ~ )
e . . - s ’
s i . . for some sample input values. The algonthm is one to balance o
S . T .
L a checkbook. .. . -
%, ! » Algorithm: Balancing.a checkbook L
b * . .
FiliS . . . .
. . ~ . Variables : . T
By c ' : Name - - . pescription : ]
L & sy
i v : -

-
- -stbal Balancg at the beginning of the mor}th; ’

R

mterest'—p:}n X rate/12 < . . " chktot - Total amount of all checks written! | - .

’ - s NJ,_ ™ . ) . ‘ . .deptot . *  Total amount of a1l dep051ts made dunng ) :
’-0_ B . “ IS ] .. . . . N L ‘ ) . the mnth ] - N - ’ \

n e . ‘p‘rvlknpayfpay:mteres,f L . ‘. ) - finbal ) Balance at the er‘ui' of the month. ) : i

- - - -

‘|new<prin-prifipay__ C . > . . T : } "
’ Y T - : e T > ° "‘\”.’
. - . . v, . .
L . 7o . I N . R Tt s . .
T - - F‘ . . -, N LR, - . R - . - . » . -
Lo - . ' q - -
g | prin, rate, pay - : . ,© . ) }
. T interest, prinpay - S . ' f ) ¢ -
' _ mew .. | R d RS ~ , . 6 o7
. . - ’ - - . - . . '.&ﬁ’ . ~- i_ 3 . “: a . :
P \ f “e hd
B < : N X i d * bt O
e " N ‘ ‘ d . » ... 7
.o ) — - - ) (R finbal«stbal-chktot+deptot -
’ ’ - ~ v . N i
L ‘. . K » « . . ¢ L ’ . — .- ;
3‘ ;' .a . N I ~‘ [ ] . . ' . . ’: o=
The mterest is calcnlated by multi plymg the “prin- : I "1 'stbal,chktot, Lo ; * o

: N . - . 5 . . . .
'c‘i‘ple,u.pnn, ‘times ‘the interest rate divided by 12 be- ~ . - dePt“’fmbfl’ . . e

. : . : L&
S cause the given raté 1s-for a year’ and the permd hised. I R . o, ' .o
b v s ua month. The value of prmpay S the amount left : = *
% xfrom the payment pay after the mterest is paid.~ Fmally, : - ‘. : " N .
new.zs the prmcxpal ‘balance after prmpay is” paid. / . . ’ O e s
. N Lt
. : y "' - “ M L
- . & i . -
. P’ = - ) “ - ‘. R ., .
.. o e T > : - S . ' -
N 0 .7, [N . . - B ; . I‘I d‘,,._,. : "’ " Do ° . j
: "“'Choose sampie values for pr:.n, rate, ‘and pay, and follow . . et . [ . C . . > :
Wl . — - . . ) ‘s LI . e a e e
s through algonthn 4 as a computez would. . - . e LI - _ e
Lo o ot . v W N ) ' s - . . . Ve
R4 . : et T ety 3. Lo : . T ous 0 | U
" s - . s ’ . . . A . \
' ¢ B e hd ‘- * ’ ” ‘a
* . * 9 , ; . i ' ’
: e 3 . . “ -~ A 7w AP
N o e N - . " . B - 7 . e .,
. . . X - . v , \,‘,A(. . S,
g’u . L : { v , P - oo T e e F




A ' ) ¢ . ° b s /
N . 3. ITERATIVE IMPROVEMENT / T . After the interest, payment is calculated, we add
/ T A : . ’ ’ another decision box wh1ch tests for payment greater than
* Although our m‘o'rt‘gage payment algorithm 1 will . . thé principal. In *this' case, we calculate the new prin-
A function praoperly if friendly values are 'input, it will - ‘cipal and amount paid 'on principal in a different way and , . _
'not respond in a suitable way to bad 1nput For exanple, L. adjust prinpay to exactly pay the remaining pr1nt1pa1 €
consider the. case in wlich the payment is too small to ) ) We also include 3 message “Which not1f1es the userﬁthat
cover the 1nterest for the no pth, Suppose prin = 20000., he or She will receive,a refund. . .
rate = .09, ‘and pay = 100.” If .you follow through the ‘ Al or1thm 7. Mortgage -payment - Version 2. ) o
steps of the algorithm with these values as input you /get . T \ s
o . ' Se o Coa : .- Viriables \ I
) R interes't B;ISO" : ’ Name -, Description , . ‘
i * . prinpay { -50. - ’ _— \ ‘ ?rin "y The principal ba_lfance at the & .
N ;’;new = 20050. <! . . beginning of the month. :
- é‘On the other hand, the payment may/ also be ‘too 1ar§e. ’ N w_rate T s The yearly rate of integ,est : '
In this éase,” the paymdnt covers the interest and the X . b o . ) expressed as a decimal. .
. remaining principal and there is still some_extra left. . .° ~ ) pay The amoun "of the payment
* This is typical of the final payment in a ‘pay-back . interest The part of the payment which’ . . 4
) schedule. For example, suppose prin = 60., rate = .09, L ) ’ -\ goes _t.ov{ard,mterest. ) i
* ‘and pay = 100. Thén, the calculations would be . o prin‘pay " 'The part of the payment which )
o interest = 0.45. - .- ) ) . e ,. - goes tomara'the pri:ncipalr."_‘: . - )
,,@ - priftpay. = 96.55. . \ . ' . new ot _'I.‘he new principal balance at the .

. " . / / - new =5-39.55. o ) ! ‘end of -the month. . . : ‘
R . : ' overpay ¥ The amount of overpaygnent for the .
"We shall use iterative ’z/mprovehent to correct these L 3 . * £inal payment.. L I/,\ .
two, minot” flaws in our or1g1 al algorithm. “If the pay- - . S o ~ .

" ment_is tpo small, -w'e,¢1nforn the user 4nd” terminate the . ‘ T T . ,/ - * N T

‘ program' 1f .1t is too ’iarge, ‘we pay off the-loan and - s ) - ’ o " . : N ?f*ﬁ T
K notify the user that he or- she is entitled to a refund. . ': oo ) o &:ﬂ» '
7 ' These modififatlons to Algorithm 1 :age 1nd°1cated in . »\ .- s o < Ty ] - .
:Algori’thm'z. “The de/c151on ‘box nﬂcluded ipmediately after ,~, c o . A T / ) -
. the input box tests for a payment too sma}l ‘to Lover the b ’ 1[_ L . ) . . Sl -
; “ﬂlnterestw ‘When this is the case, we provide a message to . . R Cy / e . 4
"+ the user and' then 1mmed13te1y ‘halt the a1gor1thm. This - ) c e
act1on rep'i'esents a pol1cy ‘of disallowing payments, wh1ch o . ) ; ) .
are, :madequate td pay the interest. SR . | - o ‘ .
.l . s . . -+ T A
' . . . : ’ p o R R
‘ ' ' - e l: - o .. ) N ;/ Con, r T,
£ 2T g & A e, T ) Cm PRV . .o e .. / c )
S e o GRS N 2 »‘ﬁ.:-u:‘.ﬂ\; & E o B e R W S s Lo, .. e




not cov
.jterest.

- - ¢ -
interest+pring x tate/]2

]payment

"Payment doed

increase

S ayyinterest+prin? -
. yes — :
new+0- o -
prlnpayipr n T T
.overpay+paf-prinpay | ne -
L -1nterest . T
i S =
-~x,l )

OVe[p@Y

o "You are éntitle
to a .refund of",

‘new+prin:pri@pay

-

T .-
L, K .

1 'prin,rate,pay, interest
prinpay,new

er in-
Pleas

i . P . . v ,
) / - . AN 2
E i )

e

.t

xerclses: -

3. Follow fhrough.Aigorithm 2 for the following input data:

. Prin rate pay R . .
s LTest1 20000. .12 250.
Test 2 . 20090. | Wz 150.
Test 3 200. ' .12 400. -
ITERATION . . - -

. .o 4
. ~ \ . .

The next step in the fmprovement of our mortgage
algor1thm,w111 be.to generate a schedule of paymeqts by .

repeatedly executing the algor1thm given above. To .
assist us in doing this, we use the three forms‘of 1tera- e, <
tion, that were 1ntroduced in*Section 1. L )

' PRI

. We shall discuss two forms of iteration here,

wd-

The first form will be"
The iteration box which we

a third form in the next-ssction.
called the until iteration.
use.to describe’ this construct1on is 1nd1cated in the

f0110w1ng dxagram. - - - .

N peee L e R

) A,.;-‘.-_‘-__-_'-.‘
{ v '.71 : K
' A - . o IR
Until | ermination Test ) F LN '
iteration Satisfied? * J

:, The body of the 1terat1on 1s actually[d subalg?r1thm
wh1ch is to be repedted until the term1nat1on test, is
Jhe body of tlhre iteration.is shown as a cloud
“to indicate that this might be_ one -or .two boxes. or a more
In -the la%fer case,

sag1sf1ed.

1ny01ved set qf flowchart statements.
. we w111 find it helpful to give the body~a flowchart of
. 1ts own and ,include only its name to the right ‘of  the

1terat1on box. The procedure for- do1ng that w111\be

-




R .3 y e EO ) '.’\ . —( w
N % . t. \:‘i‘:{‘ * . Q‘l o . - - : 1 . ’
23 - ‘ . R . N . “ . ’ “ .
. . . ’ . . v . . .
. . s, ® . _:; . . . . ’ - . 4 ]n_‘
discussed later, - The dashed line from the bddy back to e U51t1g until 1tetat1on~ ‘.. .oy
the ‘termination test indicates _that this is an automatlc . - . K [
branth in the algorithm and not[-one that needs to be = "™ : START '
exp11c1t1y defmed We can consider the dashed line to ) S ¢ i
be a part of the iteration box. . - N.M o
- . A t)
The “second form of the 1terat10n box is ‘the while. :

- iteration. This form accomplishes exactly the same action °* K«mir‘x(N,M). . + - )

. N )

. as the until iteration but does it in a logically opposite . — "

) ) ) ] ] L e R LT TP
way. Its general form is shown in the next diagram. -

<~ - 7 |Doks X divide — )
| L. i el LR . g ’ L both N and M? Kek-1 ¢ ! ’
Y { . v
While Continuation : ] ' .
Iteration . Test _— ' A
Satisfied? x

JThe test is now called a continuatdon test because e
‘gt‘he 'i'tera{iOn is’ continued“ as long as the: test is - ’
satisfied. The contlnuatlon test is always log@Hy
opposlte to the termination test; the. two forms arew
mtroduced becausé«;some computer languages naturally per-
formnthe until ié‘?ﬁrgﬁ’tmns while others are de51gned for
whllegterq'tlons. *® - .

,

. - . -
ek S
Py

e As .an’ gxample Qf the’ use of ‘the 1terat10ns, consider,

“

't ' o T
the [algorithm ‘far finding- the greatest common divisor. . ) T £ .
N . . e . L
; have‘a\two ways of expreEsmg .this algorithm using the rot : . | Kemin(N,M) .:‘*Y .
> * . PR °
teratJOn boxes'“just intr duced‘ Lo . . ! - ’

. e I F o e m s mm ol
Algom.t’hm 9, . G1v]en two numbers, N, and M, f1nd the1r

Does K not

’ . divide N or not
zgreatest cgnmon "divisor usmé an 1terat10n ‘statement - . .- divide M2
, P Var1ab1e‘%§‘ - e 5 :

<

A0 o it 3 N o St R
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:, < - Name e Descngtlon .
) P Lol ‘f- R .
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, The’ two numbens 1nput to#the ' . o
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A Counter wh1ch is tested for the

greatest. common d1V1sor. . v o
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AlgorzthKS'Sa and” 3b are 10g1cally equawalent in
:5§§§'théx accomp11sh the .same task. Note that the
6mdit10nw1n the iteration box of A1g0r1thm 3b is the
-log1cal negat1on of the one in the 1terat1on box of
'}Algorxnhmﬂsa. That is, you.termlnate prec1se1y when you -

'do not continue,
'M ' . Y . oY - .
. ‘He now use these lteratlon'boxes to make a final

1terativé improvement. to our mort age a1gor1thm. We

.
b

" START

fprin,rate,pay

3

shall now have the.algorithm contznue to make monthly

Y

Théerest«prin x rate/12

paynents-untll the mortgage is pa1d off. This algorlthm'
‘15 ngen 1n our flowchart 1anguage i1

1n A1g0r1thm 4
: ALgor1thm 4. Generate thg monthly payments necessary to
ﬁyfoff a- mortgage wrxh initial pr1nc1pa1/prtn, yearly;"~“~ww~~—-~
nterest—rame—ratE'-ana'ﬁﬁﬁth1y payment pay, )

f
’
1o

A

’

Varlables_
Descriptgon

PR

~

. Pr1nc1pa1 amountl
Yearly rate of interest éx- -
+ pressed:as :a.decimal, . ° R

Amount of*the ‘monthly payment
Part of‘thermonthly payment
e wh1ch‘goes toward.1nterest
' part- of the monthly payment
&wh1ch goes: toward pr1nc1pa1
-'New pggnc1pa1 after a*payment

has been made. “

v A.:,.

newprin+0
pPrinpay+prin. .
pay+interest+prin

20 =

b
-

-~ L

v

e PPN

pr1n rate,pay
1nteIest,pr1npay

newpr1n

o=

prlnpay,newpr1nl’__,_qu§—d

oL oy

\‘

a2
.——

newpr1n+pr1n prinpay

R Vi, s .

* . A s ) « " ,
. L

-
-ll -
payment .does no .

cover 1nterest“ s ' 4
L; * + ‘
-
.’----_..P.L.‘---..--..-.......’ . |

3
.

13

'przn,rate,pay,1nterest

o

-~ T

_ - |[prin+newprim ol
'Q&:1nterest+pr1n X ratéj/12
pr1npay+pay ‘interest "

3 B

x ks

-
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-

4

e et i e e . —— - -




i«:.«/g ;,f
Gt
%

by v

i g

[

«
1

e I A ungie L

ST i nhe,
.
.

2 i s

~

AR
:
.
s (4 3

pEae

o Pon YRSy £ et B S

e

P

" Much-of this algorithm looks fam111ar from
‘3a§5r1thm 2. After the results for one month are printed
in an iteration, thdt.month's new principal is then set
The itera-

’ tlon finally terminates when the amount ,paid on tbe

‘to be the next month's he%inning_principaf

”pr1nc1pa1 exteeds(the principal balance., Unlike
Algorithm- 2,
- it the r1ght amount to pay off the debt exactly.

A -
l ~
ES T

In the last section we learneh about forms of N

we now call«this a valid payment and make

.

.
5.‘VARIA’BLE-CON?ROL’LED ITERATION \

o

,

1

+ iteration which repeated a subalgorlthm unt11 termlni
“ tion condltlons weTe .met or continuation conditions were
. g§§~ Now. we 1ntfdduce a sllgﬂtly different form of

-

1terat1on. This 'is 1terat10n cbntrolied by.a variable.

. The general £6rm of 'such an iteratidn is .
, P e .
. -\‘-

. P o~
J, © 3 F .

> o - " . . . .
. {Initialize Modify ‘
control control 4
. -variable variable |. . ' A

1
!
[
I
'
!
t
t
[
1
!
1
!
[}
]
!
[}
—d

y
L

" Test coéntrol variable . .
N s for a termination failure
. ' condition. ' -

A . ~‘ < T . . \

N - - o . o . ¢ 0.

’
£
v
)

b v o o -

Body

o “ o+ |Sucdess | v

3 i1

.t L v (&

[}
v
5
¥
e

T~
It should‘be noted ‘that th1s form of iteration”is a
. special case of the form we Studled in the precedmgc
sectlon. Th1s 1teraf10n can be stated in terms of the

pﬁ%%lous one as 1nd1cated in the,follow1§g diagram.

N T %ﬂ%: \X \g\“ Co .

Y

-

v
an -
O £y

. ) ‘ i .
' ' | : Seoe
Initialize . : : L
. control -
Variable . N
: ~~---- Modify controll-----_4
\L : y . variable !
) . 'L
-1
. g
J

T 5 ’ " -

.The reason we give the wvariable-controlled iteration
1ts own form is that 1t is commonly used and is directly
.1mp1ementea in most programmang languages. '

The variable which controls the iteration is set to oot
some initial“value at the beginning of the iterati&n. It
is then modified after each execution of the body and the |
- 1teration is terminated,mhen the“bontrolnvariable'§atis-

£l

In order to. control the
iteratign properly, the control variable should.not be’

changed in the body
larly useful when 2

fies some termination condition.

Thls form of “iteration {is partlcu-
océss must bé repeated a fixed =
-number’ of times. In this case the control variable is
.used as a countér which in some way keeps track of ‘the K

number .of times the body has been execﬁted.

Algorlthm 5*proy1des an example of variable-controlled
1terat10n

“up
\ . the variable,count is used to
‘count the number of data vdlues which RHave been read in.
\ < I% is 1n1t1allzed to, 2 to indicate thé& the second '
It is
1ncremented by *1l each t1me, and when, the 1ncrement%makes
Count Jarger than N,
« e‘gteratlon is terminated. . - . ‘ ‘ .

In thist case,

value -is. read during the execution of the body.

then N valges have been read, so
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A
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lgorlthm S. F1nd the largest of N values.
- f»‘** 3 -
. . f

e -

8

g

LA

9

o Y tr

o

Jogragrtens
VR

\ - coun$>N? -~~~ no

- el

yes

? S b hig’ big+«next|"

s

‘Anotherfinew bdxihas been introducéd iﬁéthls\algorxthm
"*This is the tr1angu1ar¢shaped procedure bo*
.inside such a box is the name of a procedure which is to be
executed at that point. This type of box is used to avoid
nCOmp11cated construct1ons in °the body of”an 1tera€ion.

1
-

The, name

The flowchart for the procedure is then found elsewhere.
%ﬁprocedure is actually a subalgor1thm '“Instead%o£=%eg1nn1&g
- and end1ngtw1t :START -and sTop boxes, its termanat1on boxes
’l .are ‘ENTER and E BXAT. The ENTER box of-a procedyre has a
pennant attached to it which g1vescthe nane by which 1t»ms
. called into, action. When 'we_arrive."at the EXIT box of the

qtge we' automatlcally cease executlon "of: the procedure
¥

"}E’:“,.‘ 58 N . -, o - | v ]_S '

PR 2 S L) o
5 .A,\-«cw.)wm v »\hﬁa\h

oy vf}‘-mrr«ntx(, R R L

\

\

30 students. - - Lo c ]
s Varlables I :1 " e -
. ﬂiﬂ& Descr;gtion h '7 ’ 9;
' sgstent ' The counter for students which goes . R -
- from 1 to"30.
stnumber The student number read for each
T student. *
P sum The sum of each student's quizg; N
C ’ 4‘ .scores. . e ,;
. _qcnt The counter for‘quizzes'which goes | .
di&T&&‘m*thQkAm‘fhkt‘“:EEZg‘"from«J«tonl0 . L - A
- qscore - The. quiz score ;ZSH“?E¥“EEEh‘quIz~‘ - ifuhﬂm
e 2 . and student. . : s ’}
&2 . - ' E ST .
- 59
“ K TeF ol
. o s

bdx. . . 14

- algorithm for solving this problem 1s:presented as

and begin exectition in the algorithm which called the -
procedure at the next’ sequential box after the procedure
8 L

" We wil] Tse such a procedure .box as the body of a
lgpp'when the body is longer than one or two boxes.

" e o
We now consider another example. Suppose there are . .
30 students in a class and each student has a student.- L -

The algorithm is to determine
The

number and -10 quiz scores.
the sum of the quiz scores for each student.

Algorithm 6. . "&’ ) .

_iteration within an iteration. This
is a cpnstructiqn;that occurs grequently in-algorithms.

- . S - -
Also note, in the Find-sum procedure, that sum needs to N

Here we

- », . .

be initialized to zero before a sum is accumulated. If
this is:'not done, a cumulative sum of all students' scores
will be computed. In fact, sthere is no.guarantee that

sum is zero at the very beginning of execﬁtﬁPn.

Algorithm 6 5*F1nd the sum of 10 qu1z scores for each of
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: Exercises.
: . i o ldedodd

T - . - :
START 4. Modify algorithm 6 to input the numbeT 6f students and the

[ : . .
v - z, T TTTTTTT o smosses number of quiz scores for each student.

(w3

“sten ‘.- T o, '
[ tel ::Eg:z:l _ 5. The following boxes are used in a flowchart language algorithm

Tk

«for finding the two largest ,numbers in a set of N numbers.

stcnt>307 . g T . .
il . *Place the boxes in the proper arrangement. o

RO ZEE e

LA

Variables

e

}N.ame _ Description ". .
—— .}J S N

s

ALY Ph e
R

=N The number. of values in}the set.

4
Value . The value rgad.
bigl The biggest value read so far.

-

big2 The next—to-blggest value read so far.

St

i

’’
I A coun;er used to count the number of

5
%S
L

values read.

A
4k,

s

RIS

4

- [rsuneq | | ' ‘ b
. L T . - ‘ ) : > - ’ ' ) “ L

L SR ~ —J it 1 ) ‘big2«bigl

qente B ' m+qscore | _ - > ig2? biglValue

F
5

R e e
ST
FRIVae

qcn,t".; Jacnt+1

qcnt>107 , ' e ; | | i '
; ‘ ' , bigl,big2 o Temp«bigl
n ) -biglebig2
big2«Temp

Tl +i
I>N?

,Sum
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The following boxes can be used to construct an.algorithm for

computing the mean.of a set of/N numbers. Arrange them in the
- . .
.-proper order. ' '

v .

. Variables c i
Name Description P ) “
N The, number of values in the set.
Value “The value read. : - .
Mean © The mean of. the values. : S
1 . . A counter used ;o count the number of values
! Fead. ‘ ‘ )
Sum ° The sum of the \;alucs read. " ’
& ‘ . N / L )
Ly .
s g |77 sumeo
I>N?- n Z .
) > fumeSum+value -
\ yes ‘f N
) ‘ mean Sl;.m/N

T NE
.

l R t
- - . P .

. B
3

Arrange the followmg boxes ‘to form an algonth which finds all
m;egers between M-and N which are exactly d1v1sib1e by x. -

(m Vanables . . . ) B~ . .
@ﬁﬂ;ﬂ_ﬁ R Déscription i )

. . 'The -lower%l'imit of thE range of it;tégers.

~ L The upper limit of g}}:e range- of’ rintegeis_.

2

The value whole. numf:érs are-to be pr;‘nted.

BN
Gt

- )

goesfrothoN . .

e LSt &m . -

o A counter used to test “for a‘ers which

LY

s o (o L :
, START MNK | IM | Ielsl |0
. . no
) oo I>N?
k)
. /
P
- . T ' ’ )
[ A -
. ' 6. TOP-DOWN APPROACH

%

The top-down.approach for designing:algorithms is as
technique that allows the deéign’ei‘ to handle a complicated
The dgsic appréach is to
d651gn “the algorlthm using powexgl boxes, then breaking
those box’ -down 1n§o flowcharts with less powerful boxes

algorithm in a simple way.

and continuithg that ‘process until you are at a level suit-
able ﬁor 1mp1em€ntat10n on a cemputer. )

In! order to'illustrate thlS teEhmque, we look at an

algonthm for arrang 'ng N numbers in, natural order.

Algorithm R

Read N numbers and prl,nt them ifi"non- -
descendmg otrder. '

s .
, Varla{)les T o
. Name LT Descrlgtmn . - ’
N - . The, number of values? in the set,

An-array of N values to .tzeuordered.




S e TN

el =
-

Thi‘s' is obviouslya not the final solution to our problem

"detail for the computer to follow. The next‘step_is to

brs&]ﬁ(&yuthe ‘middle box itself down into an algorithm. )
_-“This is ‘the beginning of iterative refinement, -
" . Algorithm 8. Put the numbers A(1);...,A(N) into non-
i T8 >
descending order. - : ' ’

- .. Variables C ..
Name -~ ~ -+ Description , oo

» !
b 3 % ) . ‘ ‘
. ) V2 :
¢ e < [N-,A(l),...,A(N)
ﬁ‘_ . R " LT - T
i ) S 'R o«
e Put the numbers A(1),... JA(N)
s R R in non-descending-order _ __ — o
“ -

. ‘éiﬁcé'we{still ha)}.e not described the iprocess in engugh

SIS R R .
bt LR SRt L
ST i O N ]

w

. N o o The.-numbér -of ‘values in the set,
-A ' An’ array of N values to 'be™ |
e e © ° ordered. o .-
kT **"* K*counter which goes f?fim;;,gﬁé&% 2.
> omax . . . .The index of the largest value
ST mma@ doam. L |

AT .;;,é" o o 1" / T o i

TPl e
N e
3

oz

N-1 values in the (Ne-l)st posi'tion;
. process until all

- e ee e - .1'
)
Fi tl t : !
ken | ekl A1), A et | [Exchange Acmax)
327 00t A(max) ' "o and A(k) o
>27 -
N . \ )
yes . . ’
(st R o )

This progédure, for k=N down to k=2, is to find ghL
largest df the first k values and place it at the kth.

" position.\ 'The first “time, with k=N, we find the largest

in the en'tire set and put it #t the bottom. TPhe next pass
through the iteratiqQ, with k=N-1, we ignore A(N).since

it is already correct, and place the largest of the first /
- r
We continue the

. L ol
are in order.

1

_Next we break down the box "find the largest..." into
a flowchart. C s o . :
'Al‘gor‘ithm S;r Find t.he'-largest of A(1),... ,th(k) , call
it A(max). .
Variables ° ’.,:q;s;_; CoT N
. Name - ; _Descr;igfli'on C ~',l i
A . , An array of‘;;lues. ,
k * The number of'values in the set. .
- max- ' The index \of the largest value from
’ A1) to ACK), - - - 7. ‘
. Yarge The vaiue of A(max). .
7 s ~ .A counter which goes f:i:om 2 to k.
[*]

: TS C - = |
R & R : LY ; -
SR A ‘{}}“_L A~ Lona f ISR L N
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i . Algorlthm 11. Complete Algorithm to read N numbers anJ . <
. . print ther? in non-descending order. , = - kS ‘
. £ . ' , .
é‘:’:‘; 'i ¢ ’ ) ) - l ) ' \/ ‘. : ’
B ERELERREEE R : ] ,
2 ‘ o1 ~ ;- “START ) .| Order~——,- : oot "
KK ndltest-largesd s =~ . - F |
L Ny Fes -ﬁ,A@),...,A(N) |\ EnTER . Y, ’
P rof e ] a
. v-'-—--—--—-——--————'——‘--1
STOP ind- .
" . no exchange- — s
,1 \ . . o7 arge
] I . . o - / -
L P & - S e
e N \

3 Fmally, we expand the "Exchange... box from Algorlthm 9 ( T i ~ IR

- Thls requ1re.L» three data movements and one temporary )

loca.non. It is g1ven by the followmg algonthm - R
e ]
Algorlthm 10 Exchange I\(max) and A(k) . - won,
i - © T ¢ N
*, Variables - . * ,. T ‘. .
T - Description. - . e-, : "
ce ° - E : - max«1
. - An array of values.. . large«A(max) LR
S, . The indexes of the_ tiwo.values to i | large«A(j)
e s be exchanged . : . . > ~ S|max«]

, ;qu+:\\@<)— L e T co- ' '
N Afmgﬁ)f'{’i"ﬁ;)) S | ARAma | A y
Sl T {A(max)«temp t . | - ce R
* ~ *

nec~ ssary ‘to c0mp1ete the task of - plac;ng the numBers' in- . - .. . ‘ o ) - '
] € mbme these into- one. f],‘.owghart for’fAlgonthm ' ' ) : ) | .
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.\lgorlthm 11 was demgned by the-~ L‘op~down approach ) * ) ~ ‘
2 Th1s Jeans that we' s{art with tlke, h1ghest level’ tasks and . v ~
R WS s, T
g»" proceed to break thém down. into more" ard more, detaxled - -
N subtasks until fflnally we have an algorlthm which 1s | . N et
de’taﬂed erough to provide complete instructions to .. - S -y
A .
°  computers. In t:hls*way we haveé broken the original . it
-prob]em\down into three simpler problems. il __;____.____________l \
R ) . . ' ¢ 1 . "
- In general, top-down de51gn is an'approach whereby - .- rentel tent 2 1 S 3
S s J stent<l| stcnt« 1
s o0 dffflcult problem is broken down into 'several slmpleir <, stentél B ~ .
[ f)roblems "Each of these..SImplcr problems may -also be? entonst? x; 0 JFind-sum - . .
J . . . stent>nst? - N .
%7 . »  bfoken down into, ,several 51mp1er o_nes, and so on unt11 " A S - e
wewo ” all .of the problems to be solved are within the grasp. of \ - , ’ e - "
< o es ., .
.the pro’fﬂem\solver. This 1terat,1‘ve ref:mement ,15 a. L <_-:7 Lo, -, . ] - ,
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e .very 1mportant strategy in .computer problem solvrng e . ~STOP O . S ~ O
e RN i o L s - . ; ] L .
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% 4 - 4 . - . :
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. " Y . P g . N R . . y-] . v
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cor o e - P T T - Y - : : )
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. 9. SOLUTIONS TO MODEL EXAM

. 8. MODEL EXAM

*~—-‘>~—-—-1 r-:rhe_.folloumg__ajgorxthm reads a’ set of 50 numbers ahd prints' the - 1. ’ - ) . )

“smallest number in the get. Modify the. -algorithm sO that-it - . - - T T o

s prmts not only the smallest number, but -also-the- number bfntxmes
that number occurs in-the-set.

yes. * I

- e e m o - ]

]

]

L

[}

\

!

|

i

alue=small? — 1

s

count+count +1 '
e . . . 1
; . ‘ Vo
i< ' .

| I
. .. TTTETmTmEsTs Rz - m—=---d * } :

2. Write an-algorithm which reads an amount of money and determines . |smallevalue . :

o ' count«1

i how-many years it would take for that amount to grow to over ‘ !

A $1000 if it accumulates interest at the rate of 6% compotnded X ’ : 4 Tesmeamead .,
' annually - Use each of the boxes below ‘exactly once. - 2. - . C . - B
s , .
amount<«amount x 1.06 | - e -
.4 _ :
e & ‘L ) T . h
. . ¥
N¢N+1 N0 \ \ -

2 .V

amount<+amount x 1.06

‘L -

1 NeN+1 .

- . . t
. .

. \

.”\

n\ " 3. Expl'ain in. your- Guun words the top- -down apprOach to algorthm 5
\
n design. Dlscuss why it As 1mp0rtant . -

—— — —— e " . -

s




! i . * i . thurﬁ to:
. . ; .. STUDENT FORM 1 Lt , DC/UMAP -~

55 Chapel.St.

—~ ) Request for Help | , Newton, MA 02160

» 3 “%

,Student: If you have trouble with a specific part of t:his unit, pleage fill

| out this forp and take it to your instructor. for aséistance. The informat;ion
. you give will-help- t:he author t:o«revise_t:he_nni&,

—_—

T
Your -Name . - ! C e

_+. Unit No.
Page 1. N ) T ‘ \
L) — . - Section Model Exam -
. O upper OR S oR " Problem No.-
] OnmMiddle Paragraph : ' Text
O Lower ) ) .Problem No.
) 1k ’ o _

’ . . ;
Description of Difficulty: ' (Please be specifid) ,

W
o
. L[4

£
.
7

=z i

. ‘e
.

é

: ]
nddcate yoﬁr regolutionqbf'thq difficulty in this box.:

Instructor: Please 1

>

- Corrected errors in materials. List corrections here:
T b
. ," I

* <::)-G5vé student better explanation, example, oJ,pchedure than in unit. .
Give brief outline of your addition here: . .

-

.
.

}‘ & “Assisted student in acquiring general learning and problem—solving

} ) skills (not,using examples from this unit ) i
G | ,

L. A - | ]

RN
-

01;'
| R | T
s = ‘. S - A RNE
' O : . Instructor's Signature - - s
‘ .

Please use reverse. if necessary, . . l"




&% -

o N . .
e . . ;’
o oo . - . - P ,o [

: : g ' ey .
I v . ) ‘ ' Regurn fto:
STUDENT FORM 2 | EDC/UMAP
55 Chapel St.

P Unit Questionnaire . 1 Newton, MA 02160
Name : Unit No. Date N
Institution . ' . . Course No.

~

Check .the choice for each question that comes closest to your personal opinion;'
How—useful~waa_the_amount of detail in‘the unit? - ,

.- Not.enough .detail to ‘understand the unit .

T Unit would have been clearer with mgre detail - : ‘ —/— S
__-_Appropriatk amount of detail . ¢ i
__* Unit was occasionally too detailed, but this was not distracting .

, Too much detail; I was often distracted /

* ‘

;.2. How helpful were the problem angwers? :

Sample solutions were too brief; I could not "do the intermediate steps
__ Sufficient information was given to solve the problems
Sample solutidns were too detailed I didn't need them

3. Except for fulfilling the prerequisdtes, how much did you use otherisources (for
example, instructor, friehds, or other books)+in order te understand the unit?

A Lot Somewhat A Little Not .at all
4. How long was this unit in comparison to the amount of time you generally spend on ’
a lesson (lecture and’ homework assignment) in a typical math or science course?

Much }} . Somewhat Abpq& . Somewhat Much
___ Longer Longer the Same- Shorter '_s=w=Shorter

5. Were any of the following;parts of the unit confusing or distracting? (Check
as many as apply.)

Prerequisites
; Statemeiit of skills and concepts (objectives)
’ Paragraph headin . >
____ Examplés’ . . , !
_Special Assistance Supplement (if present) :
_____Other, please explain - . * _

6. Were any of the following parts of the unit particularly helpful? (Check as many
| as7Epply.) _ '

" Prerequisites :
Statement of skills and concepts (objectives)
Examples . . o
Problems -
Paragraph headings
Table .0of Contents
Special Assistance Supplement (if present)
____Other, please- explain - P

<

|

—
-

|

-

Please describe anything in the unit that you did not particularly like.

.Please describe anﬂthing that you found particularly helpful (Please use t e back of
thiq sheet if you eed fmore spacey)

L




